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(64) Exhaust gas purifyiitg catalyst and method for purifying exhaustgas 

{57) Ai-> exhaust gas pufifying catatyst for renwing 
at least nitrogen oxides from oxygen-rich exhaust gas 
has a composite oxide SL^OfS ^^si comprises at least 
two elemerjts selected frofn Tj, Zr and Si, and a nofcie 
metal loaded on said composite oxide support. An 
exhaust gas purifying method fias an adding step of gas 
oil f)s a reducing sgsnt. "Rie cortposite oxtds support 
has more acid poirits than alumina and gie ttke> and this 
adsorbs NO,, on te add points. The thtts-adsorbed NO^ 
is reduced with a teducing agent through the catalytic 
activity of the noble metal on the catatyst, and removed 
frcm exhaust gas The catalyst is effective tor inhibiting 
the oxidation of SO^ in exhaust gas. The addition of a 
reducing agent such as gas oil to the catalyst enhances 
the reduction of NO^ in oxygen-rich exhaust gas which 
contains oxyge?) tiot iess thari the amount of oxygen 
necessary foi 0)!idt;in3 Ihe oxnfxments to be oxidized 
in the exhaust gas, thereby pronxjting the removal of 
NOx ffOfti the gas. 
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BACKGBQUND QF THE IWENTiON 

*■ FiELPOFTHE INVENTION 

The present invention relates to an e^hausl gas putifying catalyst fof purifying exhaust gas emitted from internal 
corttoaifon engines useci iri, lor eaooiple. cars, mtd to a rrieihotj for pDrifyitig such exfiaust gaa. More precisely, it 
I states to an exiiaust gas pm ifyirig cataiyst capable of efficiently r educing nitrogen oxides (NOJ even in oxygen-i ich 
10 exhaust gas or, tfiat is, exhaust gas that contains oxygen not !ess tiian tlie amount oi 0)cygen necessary for stoichioniet- 
ricaiiy oxidizing feduciWe conponents existing therein, sucIt as carbon nwnoxide (GO), hydrogen ^H^J and hydrocattson 
(HC), thereby purifying the exhaust gas, and also relates to a method of using the catalyst for purifying exhaust gas. 



As exhaust gas purifying calatysts for cars, heretofore emj^oyed ate three-way cat^ysts which oxidize CO and HC, 
while redtjcing NOj,. to thereby purrfy exhaust gas. One typica! example ot such three-way catalysts comprises a porous 
si^port layer of, for exaitpte, -r-atumina as formed on a heat-resistant substrate conprising, for example, cordierite, in 
which the porous support tayer carties a catalytic nc^le metai, such as piattnum ^Pt), rhodium (Rh) and the like. Also 
so iTOwn is a three-way cataiyst vwlh increased low-tenperature activity, comprising cer ia (cerium oxide) with oxygen-stor- 
age. 

On the other hand, recenity, caiton dioxkie (COj.) in exhaust gas emitted from internsl combustion engines in cars 
and the like has become considered probiematic from the viewpoint of the protection of the global environment. "Lean 
burn" to be effected in an oxygen-rich atmospheie is caxisidered to be effective to soive this prtijiem In such lean burn, 

36 the amount of fuel to be consumed is reduced, whereby the amount of CO^ in exhaust gas can be reduced 

Howevet. since the conventional thtee-way caialysts purify exhaust gas by sitrtuitaneousiy oxidizing ani.i reducing 
00. HC and NO^ in exhaust gas at a sfoichiometfiG air-fuei ratio, tfiey can not exhibit the suffideot purifying ability to 
reduce NO,; in oxygen-rich atmosphere. Therefore, it is desired to develop a catalyst and a purifying system capable of 
reducing NOj- even in oxygen-rich atmospheres. 

SiJ Given the situation, we, the present inventors have previou^y proposed an exhaust gas purifying catalyst compris- 
ing an alkaline eartti metal arsl Pt loaded on a porous support such as aiumina (see Japanese Laid-Open Patent Pub- 
lication No. 5-317652), and an exhaust gas purifyirig cataiyst comprising lanthanum and Pt loaded on a porous suppoft 
such as aiumtna (see Japanese Laid-C^en Patent Ptjblicafion Na 5-168S60). Using these exhaust gas puriiymg cata- 
lysis, NOx may be adsorbed in ttie alkaline earth metal oxide or 8ie lanthanum oxide (NO;^ absoiiaent) therein at an air- 

S6 fue! ratio higher than the stoichiomeinc air-fuel ratio (i.e.. a iean air-fuel rafto), white it may react with other reductbie 
components such as HC arid CO that may be formed in the transient zone at a stoichtometnc ait-fuei ratio or an air-fuel 
ratio tower than the stoichiometric one {i.e., a rich air-fuei ratio), thereby purifying exhaust gas. In that manner, therefore, 
the exhaust gas purifying catalysts pixjposed may exhibit excsilent purifying capacity for rejTioving NOj, even in a lean 
burn condition. 

4.5 in Japanese Laid-Open Patent Pubticaiton No. 52-122293, disciosed is a catalyst for reducing and removing nitro- 
gen oxides through catalyttc reaction xvith ammonia, which corrprises a conponent (A) of a binary oxide of trtanium (Ti) 
unci silicon (Si) and/or a ternary oxide of Ti, zitconium fZr) and Si, a component (B) ot at ieast one selecte<j from ttte 
group consisting of vanadium (V), tungsten (W), molybdenum (Mo), uranium (U), copper {Cu}. iron (Fe), chromium (Cr), 
(TtanganesB (Mn) and cesturn {Oe), atxi a cojnponent (C) of ai leas! one selecle<i iiom the giotip consisiing of tin (Sn), 

4S zinc (Zn), lead (Pb), Ti, Zr, niche! (Ni). cobait (Co), niobium (Nb), tantalum (Ta), phospho'us fP), boron (B), bisniuth (Bi), 
antimony (Sb). ati<ali metais and aiteline earti metals. 

Exhaust gas cortains sulfur dioxide (SOj) to be fornied through con*!ustion of sulfur (S) existing m fuel, SO^; is oxi- 
dized with a catalytic metal in a lean ijurn condition to be converted into SO3, which is then reacted wth steam to give 
sulfites at>ct sulfates. 

so Many conventional exhaust gas purifying catalysts such as those menfioned hereinabove conprise. as tie support, 

an activated alumina with high adsorbabilrty, in which, ho-wever. the activated alumina suppoji easily absorbs sulfur 

ojodes (SOy) and is ther^y poisoned with sulfur. 

The catalyst as disclosed in Japanese i_afd Open Patent Publication No. 62 -122293 is not satisfactory for removing 

NOx from oxyga-i-rich exhaust gas emitted from diesei engines. In addition, the cataiyst requires ammonia, 'fherefore, 
55 if it is used for reducing and removing NO, from exhaust gas emitted from mobile engines such as those in cars, Sie 

mobiie engines must carry an ammonia bottie or the like there^'ith, \n such a case, tie control for supplying arimonia 

is corTTplicafed. and therefore tfie catalyst is not in practical use in cars. 
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SUMMARY OF THE ii^VENTiOM 

The *|ect of the present irwention is to ptovide an exhausi gas purifying catalyst capabfe of efficiently removing 
NO^ from oxygetvr^ch sxfiatjst gas, wfiile inhibiling the forniatton of sulfites and sulfates, and to provide a ftietnod for 
5 purifying exhaust gas with the catalyst. 

To atiain the above-mentionad object, the present trsvention provides an exhaust gas purifying catalyst for Eemovtng 
ai ieasf nitrogen oxides from oxygen-rich exhaust gas which cooJains oxygen not less than the amount of oxygen nec- 
essary foi oxidizing f iie corttporBnts to t>e oxicJi^ecf in ttte extiausf gas. the catalyst coiTiptisiny; 

10 a composite ovide sr^port that conptises at least two etements selected from titanium {Tij, zirconium (Zr) atxJ sii- 
icon (Si), and 

a nobie metei loaded on said conposite osside support. 

To atfain the object, the present invention also prowdes an exhaust gas purif^^ng method for removing at least nitro- 
)S gen oxides from oxygen-nch exhaust gas which contains oxygen not !sss than ifie amount ot oxygen necessaiy for oxi- 
dizing the components to be oxidized in the exhaust gas, the method conprising the steps of; 

adding gas oii as a reducing agent to said ex.haust gas, and 

bringirrg an exhaust gas purifj-ing cataiyst into corrtact with said exhaust gas, satd sxhiJifst gas purifying catalyst 
30 comprising a coiiposite oxide support that coirprises at least ^vo eiements selected from titanium (Ti), zirconium 
^Zr) and silicon fSi), and a nobie meta! loaded on said composite oxide support, thereby removing nitrogen oxides 
from satd sKliausf gas. 

The composite oxide support used in the exhaust gas purifying catalyst and the exhaust gas purifying method of 
as the present invenfion has more acid points than ordinary suf^ris such as alumina. The efore, the former adsorbs HQ^ 
on iis acici points, and tiie flius-acisofbe<f N0.< is reacted wilh (he reciucing agent adcied ihrough the catalytic actiofi of 
the nobie metal in the catalyst. Using the cataiyst of the invention and according to the method of the invention, there- 
foie, NOx can be efficiently reduced and removed from exiiaust gas 

!n addition, the catalyst of the invertion is advantageous in that it is not poisoned with sulfur to lower its NO^ con- 
so version ability 

Preferably, the composite oxide support that constitutes the exhaust gas purifying cataiyst erf the piesent inv^rttjon, 
which is used in the exhaust gas purifying method of the invention, further loads an addiSonai first catalyst component 
of at ieast one selected from the gtoup consisting of iron {Fe}, manganese fMn). cerium (Ce) arjd mctoium (Nb), and an 
addrttonai second catalyst component of at least one seiected from the gtoup consisting of alKaii metals and alkaline 
3S earth metals. These additional catalyst components may ad to inhibit the oxidation of SO? that may cause the formafton 
ot suffites or sulfates. These may further act to prevent the si^port from being poisoned by SO,,, 

Further, since the corriposite oxide suf^ort used in the present invention tnote poody adsorbs SO^ than aiutnina, 
the formation of sulfites or sulfates, which fs caused by the oxidation of SO^, is prevented on the formei-. 

The above and other objects, features and advarrtages of the present Ini/entlon will become more ^parent from 
«j the foilovsrirtg description wheri taken in conjunction with the acconpanying drawings in which a preferred en*ofiSmenl 
of the invention Is shown by way of iiiustrative example. 

BRiEF DESGRiPTlON OF THE DRAWir'JG 

*5 Fig, 1 IS an explanatory view graphicaiiy siKtwing 8ie method for retaining the HO^ conversion ratio in echausi gas 
in a diesei combustion system, which is smpioyed in the exampies of the invention mentioned hereinunder. 

PETAiLED DESCRIPTION OF THE INVENTION 

so The exhaust gas purifying cataiy^ of the present invention is conposed of a conposite oxide support conprising 
at ieast two eiements selected from Ti, Zr and Si, and a nobie metal loaded on the conposite oxide support. The cojti- 
posite oxide support has more acid points than conventional porous si^ports such as afumtna. It is presumed that the 
support may adsorb NO, on its acid points, which NO, is then reacted vinth the reducing agent added through the cat- 
alytic action of the noble metai in the cataiyst, thereby being reduced and removed. As a result ot this, the catalyst of 

ss the invention can purify even oxygen-rich exhaust gas, whiie exhibiting the high conversion ratio of NO,. 

The coinposfte owde support may be seiected from binary S)'stems of Ti-Zr, Ti-Sf and Zf-Si and a ternary system 
of Ti-Zr-Si. Regarding frie proportions of the components constituting the stjpport. it is desirabfe that Zr is from 0.2 to 5 
niols, per moi of Ti, for the binary system of Ti-2r. if Zr is less than 0.2 mols, the NO, conversion ratio of the catalyst is 
iowered. If it is more than 5 mois. the MO^ conversion capacity of the catalyst is saturated and is therefore no more 
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iricreasKf. For the binary systeiiri of Ti-Si. it ia dfeSiitaWs; that Si is from 0 5 to 3 mofs, p& mol of Ti. !f Si is ls;ss ttian 0.5 
rtiois, the NO, canversion tatio erf the catafyst iSi bwerad. if i1 is mote than 3 mofe. the NiO^ convejsion capacity of the 
catalyst is no more increased. For the biriary system of Zr-Si, it is desirabie that St is from 0.2 to 3 mois. pet- nwl Zr. 
if Si is iess than 0.2 niois, the NO^ corn/efsion ratio of the cataiyst is lowered, if it is more than 3 mois, the MO, corti/er- 

s 5tm capacity of the calai>'St is no more itKreassd, For the ternary system of Tj-Zi -Si. \l is cJesirabie that Zr is frojri 1 to 
4 mols and Si is ftom O.i to 1 mol. per tnol ot Ti. for the same teasons as above. 

The noble metat constituting the cataiyst of the present invention may be at least one of pfatinum (Pt). rhodium 
(Rti), palladititT! (Fd) aixi iridiiitti fii). Of ttiese, preferfeci is Pf as having especialiy hicjfi ptitifying activity Ttte amount of 
the noijie meta! loaded on the composite oxide support rnay fae preferably from 0.05 to 10 g, per 100 g of tfie support 

10 if the amount is ie&s than 0.05 the cataiyst has aimost no catalytic actix'ity. If it is mote than 10 g. the cataiytic activity 
ot the cataiyst is saturated and the cost of the catalyst disadx'anfageousiy increases Especially preteiafole amount is 
from 1 to 8 g. 

As in the tnventton as claimed in claims 2 and 9, it ts desirable that an additional first catalytic component of at least 
one selected from the group cor^sisttng of Fe. Mn, Ce and Nb. arid an additional second catalyst component of at least 

is one selected from the group consisting of aiisali metals and a!!<aiine earth tneials are further loaded on the conposite 
oxide support. Though their effects are not clarified, these additional catalyst components have some cataiytic activity, 
which, howa'er, is infenat to tiie catalytic activity of the nobie metal, in addition, the support is enhanced in the ability 
to adsoit) NOj; by ioadirtg these additional catalyst cortiponersfs. Moreover, it is presumed that these additional catalyst 
conponents may augment the selective purrtyitig activity of the nobie metai, resulting m the increase m the NOy coo- 

so m%im ratio of ttie catalyst, 

it is desirable that the total amount of the first catalyst component to be addiiionaily ioaded on the composite oxide 
si^port is wfthin the range of from 0.05 to 5 % by weight, with respect to the weight of the support, if it is less than 0.05 
% by weight, the component coifid not exhiWt its effect, if, however, it is mote than $ % by weight, the activity of 8ie 
noble metal constituting the catalyst is lavered. though the NO^-absorbing ability of the support is increased, resulting 

36 in the decrease in the NOj conversion ratio of the catalyst. Especiaiiy preferable amount is within the range of from 0.08 
to 3 % by weight. 

It is prefer^e that the additional first catalyst component comprises a combination of Fe and Ce. This combination 
is advantageous in that the thermal stability of the exhaust gas purifying catalyst of the present invention is inproved, 
and that the activity of the noble metal constituting the catalyst is pr evetited from being lowered . In this combination, the 

SiJ moiar ratio of H to Ce, Fe/Ce, is preferably from 1 /I to 15/1. 

it is desirable that the total amount of the second catalyst component to be additionaliy loaded ori the composite 
oxide support is within the range of from 0.001 to S % by weight, with respect to the weight of the support. If it is less 
than 0 00 1 % fay weight, ffie corrporteiit could not exhibit its effect, if however, it is more than 5 % by weight, the activity 
of the nobie metal constituting the cataiyst is iovtiered, though the ^K)),-at5sor^)it^g ability of the support is increased, 

S5 resulting in the decrease in the NOv conversion ratio ot the cataiyst. Especially preferable amount is within the range of 
from 0.05 to 2 % by weight 

The additional secorrd catalyst corTiponenf rnay comprise an alkali metal selected from iithium (b), so<fium (Na), 
potassium (K), rubidium {Rb), cesium (Cs) and francium (Fr), or an alkaiirse earth metat selected from calcium (Ca), 
sfiontlum (Sf ) and barium (Ba). Of »iese, preferted is a combination of K and Ca. This contiination is more effective for 
4.5 inhibiting the formation of suifites or suHates. in this CQn*ination, the molar ratio of K to Ca, K/Ca, is preferably from 1/i 
to fO/1. 

The first and second cataiyst conipi^nenta may fae loaded on the composite oxide support in any forms of metals, 
salts, oxides, hydroxides and others. The components may either be merely loaded on the support or constitute addi- 
tional conposite oxides lo load on the suiporl. in acidition. li is also (X>ssibi8 to load any acfciilional comfjosite oxide 
4S conposed of the first ar^ second catalyst components on the sutpco t. 

Regarding the reducing agent to be added, it is simplest to use gas oil which is fuel for diesei engines. As in 8ie 
invention as claimed in claim 13, propylene is a!so peiei-ably used. Since pi'Opylene has a higher diffusing speed into 
the surface of the cataiyst and a higher reactivity on the surface of the catalyst than gas oil, it may be prefer^ly used 
to thereby further increase the HQ^ conversion ratio of the cataiyst. 

so 

DESCRIPTION OF PREFERRi^D j^MBODiMENTS OF THE INVENT ION 

Now. the present invention is descffced in more detail hereinunder with reference to the toliowiog examples arKf 
comparative exanples. 
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Example 1: 

(1) Preparation of Conposite Oxide Support: 

5 A predetermined amount of titanium tetractifortds (TiCii) ancJ a predeterfrsnecf amount of ztrconium oxychioride 
{2rCI?p ♦ SHjO) were yadually drqjped info 300 rni aS water while cooiing with ice srxi wfiiie stirring. The resulting mix- 
ture was kept at about 30"C, into vMch aqueous 25 % ammonia was gradually dropped, while fuity stirring, until the pH 
oi ttte ri}(>}ure reachaci 7 After this, ttte mixture was acjed overnii^rt. 

The get thus fornied was filtered, washed witfi water, dried at ISCC for 10 fiours. tlien again washed witfi water, 

16 and thereafter caicined in air at SO0"C for 3 houre. tn the Ti-Zr coniposiie oxide support thus obtained, tfie molar ratio 
of Tf to Zr, Tiffr, was 1/3. 

(2) Preparation of Catalyst: 

)S The Ti-Zr composite oxide si;wort prepared in the above was dipped in a predetermined amount of sn aqueous 
soiution of Pt salt {"Diammine dinitro platinum {If} nitric acid soluttort", produced by Tanaha f^obie Metal Co.) havirtg a 
predetef mined Pf concenttation, then dried through vaporization, and then calcined in air at 450' C for 2 hours, whereby 
Pt was loaded on the support. The resufting catalyst powder v^as shaped under pressure to give catalyst peflets having 
si2es of from 1 to 2 mm. The Pt arriount in the cataij-Bt peflets was 2g per lifer of the Ti-Zr cotjposite oxide stjpport. and 

20 was 1 .65 % by weight with respect to the weight of the catalyst pellets. 

(3) Evaiualion of Activity of Catalyst: 

Using a model gas having the composition sfx>wn in Table 1 below, the NO^ conversion ratio of the catalyst pre- 
as pared in the above was obtained according to the tenperatu re- lowering method (temperature towered from SOO'C to 
15Q''0 at a cooling rale of 5''C/niin), a! SV of 100,000 hr^ Ptopy'lsfie was used as Tf-fC The NO^ concenitation and 
the SO,-^ concentration in the gas were analytically measured before and after the gas was passing through the catalyst 
bed, using MEXA (motor exhaust gas analyzer) From the dafa thus measured, cAstained >.vere the NO^ and SO^ con- 
version ratios at £50' C. according to the following equaiioris. The results (Aifained are shown in Tatife 2 below. 

so 

NO J Conversion Ratio (%) = [{{fiO^ concentration in inlet gas) - {NO,, 
concentration in outlet gas)}/{NO ^ corioenttatlon iri iniet gas)] < tOO 

$s SO 2 Convsrsion Ratio {%} = [{(50, concentration in inlet gas) - (SO;, 

concentration iti outtet gas)}/fSO;j coricsnttation irj inlet gas)] < 100 



Table 1 





Components Constitut- 
ing Model Gas 


NOppm 


0^% 


THCppmC 


CO ppm 


COa% 


S02% 


H20% 


H:, 


45 


Cojicenfeation 


230 


10 


3000 


150 


6.7 


25 




Baisaxe 



.ExaiM9.2: 

so 

Catalyst peSSets of Exanple 2 were pt epared in the same manner as m Exatrple 1 , except that the loading amount 
of Pt was 8 9 per liter of the support, and the activity ot the catalyst was evaluated afso in the same manner as in Exanv- 
ple 1 . The results obtained are shown tn Table 2. 

ss Example 3: 

Catalyst peiiefs of Exanple 3 were pi'epared In the same manner as in Examfjie 1 , e:<cept that the loading amotrnt 
oi Pt was 10 g per Irtei of the support, and tt^e activity of the catalyst was evaluated a!so in the same manner as in 
Example i. The resylts obtained are shown in TaWe 2 
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E}<atr!Bii_4: 

in the same manrtef as in Example 1 , Pt was loaded on the Ti-Zr composite oxide suf^ort as pr^ar^ in the same 
manner ss In EKampfe i . The thus Pt-foadtng Ti-Zr composite oxids support was further eJipped in e predeieimned 
amount of an aqueous solution of iron nitrate, and then dried titoagh vaporization, whereby Fe was acJdftionaiiy loaded 
m the siq3port The support was still furthet dipped in a predetermined amount of an aqueous sdutton of potassium 
nitrate, and then dried through uapoiizafioo. whereby K was stilf addtlionaify loaded on She support. The loading 
aniDunts of the aciditional rnetata were 0.2 g of Fe and 0. 1 ti of K per (iter of the supfsort. 

Next, in the same manner as in Example 1 , catafyst peliets of Example 4 were prepared herein, and the activity 
thereof was eraluatsd. The resutts obtained are shovjn in Table 2. 

Cataiyst peliets of Esample 5 were prepared in itie same manner as in Exampie 1 , except that the molar ratio of Ti 
to Zr. Ti/Zr, in She Ti-Zr composite oKide support was 1/1 , ertd the activity of the catalyst was evaluated a!so in the same 
manner as in Exampie 1 . The resofts obtained a e shovjn in Table 2. 

Cataiyst pelieis rf Exanple 6 wei e pr^red in the same manner as in Example i , except that the molar ratio of TI 
to Zr, Ti/Zr, in the Ti-Zr composite oxide support was 1/1 and that the loading amount of Pt vifas 8 g per iiter of the sup- 
port, and ihe activity of the cataiyst was evaluated also in the same manner as in Example 1 . The resutis obtained are 
shown in Tatrfe 2. 

Exampie 7 : 

Cataiyst peliets of Example 7 were prepared in the same manner as in Exampie 1 , except that the molar ratio of Ti 
to Zr, Ti/Zr, in ihe Ti-Zr composite osrids suppof 1 was 3/1 , and the activity of the catalyst >.vas evaluated aiso in the same 
manner as in Exampie 1 . The tesuits obtained are shovi/n in Table 2. 

ExaniBi&.S: 

Catai^-st pelieis of Exanple 8 were prepared in the same manner as in Exampie 1 , excepi that the molar ratio of Ti 
to If, Ti/Zr, in the T i-^r cotiposrte oxide support was 3/1 and that the loading amount of Pt was 8 g per iiter ot ttie sup- 
pott, and ihe activity of the cataiyst was evaluated also in the same manner as in Example i . The results obtained are 
shown in laWe 2. 

.Exaai&ie.g; 

Cataiyst pellets of Examf^e 9 were prepared in the same nrtanner as m Exanrpis i . except lhat the same amount 
of Pd was loaded on the support in place of Pt, and the activity of the catalyst was evaluated also in the same manner 
as in Example 1 . Ttie resutts obtained are sttown In Tat^e 2. 

Examfiie 10 : 

Catalyst pellets of Example 10 were prepared in the same manner as in Example 1 , except that 8ie Ti-Zr composite 
oxide soppoi t loaded 8 g, per iitei- of the support, of Pd in place ot Pt, and the activity of the catalyst was evaluated also 
in tte same manner as in Example i - The results obtained are shown in Table 2 

Example 1 1 : 

The Pt-loading catalyst powder as prepared in Example i was dipped in an aqueous solution oi rhodium nitrate 
having a predetermined rhodium nitrate concentration Then, this was dried through vaporization, whereby Rh was 
loaded on the catalyst. Next, the resulting cataiyst vjas dipped in a predetermined amount of an aqueous solution ot 
iridium nitrate, and then dried tbf ough vaponzation, whereby If was further loaded on the cataiyst. The ioading amounts 
of the rjobis metals were t g of Rh and 1 g of ir per iitei- of the Ti-Zr coivposite oxide support. 

Next, in the same manner as in Example 1 . catalyst peitets of Example 1 1 were prepared herein, and the activity 
thereof was evaluated. The results obtained are shown in Table 3 



EP 0 786 285 A2 



Example 12: 

fn tli9 same manner as in Exampie 1 . Pt was [oaded on the Ti-Zi composite oxide support as prepared in the same 
manner as in Exanpie 1 , The thus P{-ioading Ti-Zr conposlte oxide si^port was further dipped in a predetermined 
5 amount of an aqiieoiis soltftion of iroo nitrate, and then dried througfi ^.'aporizalion, whereby Fe was addittooaiiy ioaded 
on the supporl. The stupor t was stiil further dipped in a ptedetetmined amount ot an aqueous solution of potassium 
nitrate, and then dried through vaporization, whereby K was still additionaiiy loaded on the support. The loading 
amounts erf fiie adciitiona! tnetals were 5 g of Fe and i g ot K per liter of tfie supjwit. 

Neixt, in the same manner as in ExaiTiple i, cafaiyst peffefs of Example 12 were prepared herein, and the activity 
10 thereof was evaluated. The testilfs obtained are shown in Tabie 2 

in the same manner as in Exampie 1 , Pt was loaded on the Ti-Zr composite oxide support as prepared in the same 
)S manner as tn Exanpis 1 . The thus Pt-!oading Ti-Zr corrposits oxide support was further d^ped tn a prcdsterriiined 
amount of m aqueous solution of iron nitrate, and then dried through vc^xjrization, whereby Fe was addittonaily ioaded 
on the support. The stjpport was stiil further dipped in a predetermined amount of an aqueous solution of cesium 
nitrate, and then dried through ^'aporisafion, whereby Cs was stiii addttionalty loaded on the suf^orl. The toading 
amounts of fte additional metals were 0.2 g of Fe and 3 g of Cs per iiter of the support. 
20 Next, in the same manner as in Exanple 1, cataiyst peitets ot Exanple 13 were prepared herein, and the activity 
thereof was evaluated. The results obtained are shown in Tatjle 2. 

Example i4 : 

as A Ti-Zr composite oxide support was prepared in the same manner as in Example 1 . except that the mofar ratio of 
Ti io 2r, TiiZr, was 1/1 . Pt was loadeci on Ihis in the same manner as in Exampie 1 , eKcept ihat the ioading amouni of 
Pt was 6 Q per iitter of the suiport. The 9ius Pt-ioading Ti-Zr composite oxide support was further dipped in a predeter- 
mined amount of an aqueous solution of iron nitrate, and then dried thro^igh vaporization, whereby Fe was additionally 
ioaded on the support, "Die support was stiil further dipped m a predetermined amount of an aqueous solution of cai- 

so cium nitrate, and then dried through vaporization, wherry Ca was sliil additionally loaded on the support The ioading 
amounts of tiie additional metals were 0 2 g of Fe and 0. 1 g ot Ca per iiter of the si^ort. 

Next, in the same manner as in Exanple 1, cataiyst peiiets of Example 14 wee prepared herein, and the activity 
thereof was evaluated. The restilfs obtained are shown m 'fable 2. 

Exaffole IS: 

A Ti-Zf composite oxide support was prepared in the same manner as m Exampie 1 , excepf that the motat ratio of 
Ti to Zr, Ti/Zr, was 1/1 . Pt was loaded on this tn the same manner as in Exampie 1 , except tjat the toading amount of 
Pt was 8 g per fitar of the su(>f:vort. The Pf-loading cataiyst pou^'der thus prepared herein in the same manner as in Exam- 

«j pie 1 was dipped in an aqueous solution of rhodium nitrate having a predetermined rhodium nitrate concentration. 
Then, this was dried through vaporization, whereby Rh was ioaded on the cataiyst. Next, the resulting catalyst was 
dif^jecf in a predeterri'sned arraunt of an aqueous solution of tridiunt rtitrate, and then *fed thtough vaporisation, 
whet eby Ir was further loaded on the catalyst. The loading amounts of the oobie metals were 1 g of Rh and 1 g of Ir per 
filer of the Ti-Zt cojnposite oxide sup}X)r1. 

*5 Next, in the same mannei as m Exanple i, cafaiyst peiiets of Example 15 were prepared he; sin, and ffie activity 
thereof was evaluated. The results obtained are shown in Tabie 2. 



so A Ti-Zr composite oxide support was prepared in the same manner as in Exampie 1 , except that the motar ratio of 
Ti to Zr, Ti/Zr, was 1/1 . Pt was loaded on this in t!ie same manner as in Exampie 1 . except that the ioading amount ot 
Pt was 8 g per fitter of the sufport. The tius Pt-foadmg Ti-Zr conposite oxide support v'>fas iurthei' dipped m a predeter- 
mined amount of an aqueous solution of irm nitrate, and then dried through vaporization, whefet)y Fe was additionally 
loaded on the support. The support was stilt further dipped in a predetermined amount of m aqueous solution of potas- 

ss sium nitrate, and then dried through vaporization, wherry K was stilf additionally ioaded on the support. The ioading 
artiounts of the additional metals were 5 g of Fe and 1 g of K per iiter of the support. 

Next, in the same manner as in Example 1 , cataij-st peitets of Example IS were prepateci herein, and the activity 
fiiereof was evaluated. The results obtained are shown in Tabie 2. 
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ExafflBiiJ?: 

in the same manrtef as in Example 1 , Pt was loaded on the Ti-Zr composite oxide suf^ort as pr^ar^ in the same 
manner ss In EKampfe i . The thus Pt-foadtng Ti-Zr composite oxids support was further eJipped in e predeieimned 
* amount of an aqueous solution of iron nitrate, and then dried titoagh vaporization, whereby Fe was acJdftionaiiy loaded 
m the suppott The sufpart was stiii further dipped in a predetermined arrjount ot an aqueous soiytion of calcium 
nitrate, and then dried through vaporization, whereby Ca was sfiii addttionaify loaded on the suppoi-f. The loading 
aniDunis of the additional rnetaia were 0.2 g of Fe and 0. 1 ti of Ca per liter of tl-ie suf^fXitt. 

Next, in the same manner as in Example 1 , catalyst pelfels of Example 1 7 were prepai ed herein, and the activity 
10 thereof was eraluatsd. The reisutts obtained are shovjn in Table 2. 

in the same nianner as in Example 1 , Pt was loaded on ttie Ti-Zf composite oxide suf^rt as pr^ared in itie same 
is mannsr as it^ Exartple 1 , except that the icadirtg artiount of Pt was S g per liter of ihe st4)port. The thtjs Pt-loadin§ Ti- 
Zr GOtTposite oxide support was further dipped in a predetermined amount of an aqueous sdution of iron nitrate, and 
then dried Sirough vaporization, whet^y Fe was additionaiiy loaded on support. The support was still further dijc^ed in 
a predetei mined anxiunt of an aqueous soiution of calcium nihate, and then di ied ttiiough vaporization, wheieby Ca 
was still additionally loaded on the support The ioading anx)unts of the additional metals were 0.2 g of Fe and 0.1 g of 
so Ca per liter of tte support. 

Next, in the same manner as in Example 1, catalyst peiiets of Example IS were prepared herein, and the activity 
thereof was evaluated. The results obtained are shown in Table 2. 

Exampie 19 : 

In the saiTte manner as. in Example 1 . PI was loaded on tiie Tt-Zr cotrtfiosite oxide sufi^wrf as pts^jar-si tn lire same 
manner as in Exampie 1 The thus Pt-!oadtng Ti-2r composite oxide support was further dieted in a predeteimned 
amount of an aqt-feous solution of manganese nitrate, and then dried throLigh vaporization, whereby Mn i,vas additioo- 
a!iy ioaded on the support. The suj^ort was stiff furthei- dipped in a predefern-srted amount of an aqueous solufiort of 
SiJ potassium nitrale, and then dried throu^ vaporisafion, whereby K was stili additionaiiy ioaded on the support. The 
loadirig amounts of the addiiionaf metals v^ere 0.2 g of Mn and 0.1 g of K per liter oi the si^iport. 

Next, in the same manner as in Example 1, catalyst peifets of Exampie 19 were prepared herein, and the activity 
thereof was evaluated. The resutts obtained are shown in Table 2. 

S6 Exaaaia.aQ: 

In the same manner as in E.xample 1 , Pt was loaded on »i3 Ti-Zt composite oxide sufport as pr^arecf in ttie same 
manner as m Exampie 1 . T^e thus Pt-toadtng Tj-Zr composite OMde support was further dif^ed in a predetermined 
amount of an aqueous solution of niobium nitrate, arid then dried through vaporization, whereby Nb was additionaiiy 
4.5 loaded on the support. Tlie support was stifi further dipped In a predetermined amourtt of an aqueous solution of potas- 
sium nitrate, and then dried through vaporization, wheret?y K was stdl additionaiiy loaded on the stpport. "Hie loading 
amounts of the adctitional mefais were 1 g of Nb anci 0.4 g of K per liter of the sufipott. 

Next in the same manner as in Exampie 1 . catalyst peliets of Example 20 were pi epared herein, and the activity 
fheieof was evaluated. Jh& resuflsoblamed aie shown in Tai^le 2 

.Sxauipi.e.g.l.: 

A Tt-Zr-Si composite oxide si^port was pr^red in the same manner as in Example i. except that a predeter- 
mined amount of titanium tetrachloride (TiCf4), « predefermined amount cA zirconium oxychloride (ZrClgO • SHjO} artd 
so a predetermined amount of elhyl orthoteti-asilicate (SifOCsHcJ^) were used herein. The moiar ratio of Tt to Zr to Si, 
TiiZfiSt, in the Ti-Zr-Si composite oxide support prepared herein was 0.3/0.6/0. 1 . 

Next, R was loaded on 8ie support in the same manner as in Exairpie 1 . Using this, catalyst petiets of Exampie 
21 were prepared in the same manner as to Exampie i The activity of the cataiyst was evafuated also in the same man- 
ner as tn Example 1 . The results oistained are showj-t in Taiole 2. 

.E>saniet.e.^: 

A Ti-2r-S composite oxide aqaport was pr^sd in the same manner as in Example 1. exc^t that a predeter- 
mined amottnt of titanium tetrachlorKie (TiCi^), a predetermined amotJnt of zirconium oxychloride (ZrClgO ♦ 8HgO) and 
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a predetermined an»urit of ethyl orthotetrasilicats; (Si(OC2H5}^) were useci tjerain Ttie tnola! ratio of Ti to 7.x fo St, 
TiyZr^Si. in the Ti-Zr-Si corfijjosite OKicJe s.ii[>pO[t prepared herein was O.SfO.6/0.1. 

Pt was loaded on the Ti-Zr-Si composite oxide SLfppOft in the same manner as in EKSirpie 1 Next, the thtjs Pt-!oad- 
ft>g Ti-Zr-Si composite oxide si;ppoft was further dipped in a predststmined amotjnt of an aqueous soiutiori of iron 

5 fiilfste, and then dried tfirough vaporization, wfiereby Fe was additionaiiy loaded on the suppoil. The support was still 
further dipped in a predeterrnined amount of an aqueous soiulton of potassium nitrate, and then dried through vapori- 
zation, whereby K was still additionally loaded on the sufporl. The loading amounts of t)e additional metals we e 0.2 g 
of Fe arid 0.1 g of K per litei- of the support. 

Next, in the same manner as in ExaiTiple i, catalyst peffefs of Example 22 were prepared herein, and the activity 

m thereof was evaluated. The tesulfs obtained are shown in Tabie 2 

A Ti-Zr-Si composite oxide support was prepared in the same manner as in Exampie i , except that a predeter- 
)S mined smourif of tttariium fetraohlohde a predetertmrisd amount of zirconium oxychlonde {ZrCI^O * SH2O) and 
a predetermined amount of ethy! oilhotetrasiltcate (Si(0CiH<j}4) were used her^n. The molar ralio of Ti to Zr to Si, 
Ti/2r/Si, in the Ti-Zr- St corr>posite oxide support prepared herein was 0.4/0.4,'0.2. 

Pt was ioaded on the Ti-Zr-Si composite oxide sipport tn the same nianner as in Exanple 1. Using this, cafalysl 
peiiets of Exampie 23 were prepared in the same manner as in ExarTple 1 , and the activity thereof W3S evaluated. The 
20 results obtained are shown in Tabie 2, 

E-xample 24 : 

A Ti-Zt-Si composite oxide supjjort was prepared in the same manner as in Exampie 1, except that a predafer- 
as mined amount of titanium tetrachloride <TiCl4), a predetermined amount ot zirconium oxychloride (ZrCI^O * SH^^iO) and 
a ptedelei mined amount of ethyi orthotetrasilicafe (Si(OC2H5)4) were usei.i herein. The molar ratio of Ti I0 Zr to Si, 
Ti/2r/Si, in the Ti-2r-Si composite oxide support prepared herein was 0 4/0. 4/0. S, 

Pt was loaded on the Ti-Zr-Si composite oxide supporl in the same manner as in Exanpfe 1 . Next, the thus Pt-load- 
irig Ti-Zr-Si composite oxide support was further dipped in a predetermined amount of an aqueous solution of iron 
so nitrate, and then dried through vaporisation, whereby Fe was additionaiiy loaded on ftte support. The support was still 
further dipped in a predetenrrined amount of an aqueous solution of potassium nitrate, arid then dried through i/apori- 
sation, whereby K was stilf additionally loaded on the suj^ort. The loading amaints of the additional metals were 0.2 g 
of Fe and 0,1 g of K per Ida- of the support. 

Next, in the same manner as in Eixanpie 1, cataiyst peiiets ot Bcart^le 24 were prepared herein, and the activity 
35 thereof was evaluated. The results obtained are shown in Table 2. 

Exarryle SS: 

in «ie same manner as in Example 1 , Pt was ioaded on the Ti-Zr composite oxide support as prepared in the same 
«j manner as in Exanpie 1 , The thus Pt-loading Ti-Zr conposlfe oxide si4)port was further dipped In a predetermined 
amount of an aqueous solution of iron nitrate, and tfien dried through vaporization wheret?y Fe was additionaiiy loaded 
on the suppoil. The sup(>ort was still further dipped in a pfeciefermirjed amount of an aqueous solution of cerium nitrate, 
and then dried through vaporization, whereby Ce was still additionally loaded on tiie support. This was still further 
di(^!8d in a precieler mined amount of an aqueous soiulion of potassirjm nitrate, and tiien driecf Ihrough va|;iC3r)2atron, 
*5 whereby K was stiii additionaiiy loaded on the suppoi f. The loading amounts of the additional metals were 0.2 g of Fe, 
0.2 g of Ce and 0.1 g of K per liter of the sufport. 

Next, in the same manner as in Exanple 1, cataiyst peiiets of Exanple 25 were prepared herein, and tfie actiyify 
thereof was evaluated. The results obtained ar e shovi-'n in Table 2. 

50 .Exanpl.e.gg; 

In the same manner as in Exampie 1 , Pt was loaded on the Ti-Zr composite oxide support as prepared in the same 
manner as in Exanpie 1. Ttie thus Pt -loading Ti -Zr con^josite oxide si4)port was further dipped in a predetermined 
amount of an aqueous solution of iron nitrate, and then dried through vaporisation, wherry Fe was additionaiiy ioaded 
SS on the support. The support -was still further dipped in a predeiermined amount of an aqueous soiulion of cerium nitrate, 
and then dried through vaporization, whereby Ce was stilt additionally ioaded on ihe support. This was still further 
di(:^ad in a predetermined amount of an aqueous sofution of potassium nitrate, and then dried through vaporization, 
whereby K was stili additionaiiy ioaded oji the siq^port. This was stiii further dipped in a predetermined amount of an 
aqueous sofution of calcium nitiate, and then diied through vapwization. whereby Ca was still additionally loaded on 
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the stjpport . Tbs loading amottnts of fte additiomi metals were 0.2 g Fe, 0.2 g of Ce, 0. 1 g of K and 0. 1 g of Ca per 
liter of the suf^t. 

H&x, in the satm manner as in Example 1 , caialyst pelisfe of Example 26 wars pf^red herein, snd the activity 
thereof was e^steted. The results obtained are shown in Table 2, 

£xani|3ie27 : 

In the satrie inannei as in Exaniple i , Pf was IcjadetJ ori ihs Ti-Zr cotnposite oxide support as. prt^arixJ in the same 
irtanner as in Exampie 1 The thus Pt-!oadtng Ti-Zr composite oxide support was further dif^ed in a predetern'sned 

10 amount of an aqneous solutiof) of iron ntitata atxi then dried tfit oygh vaporization, whet ehy Fe was additions liy loaded 
on the suppori. The suppoi f was sttll further dipped in a predetermined amount of an aqueous soluiion of cerium nibaie, 
and then dried through vaporization, whereby Ce was still addifionaiiy loaded on the support This was stili further 
dipped in a predetermined amount of an aqueous soluiion of potassium nitrate, and then dtted thtough vaporization, 
whereby K was stiil additionaiiy loaded on the suf^rt. This was stiii further dipped in a predetermined amount of an 

is aqueous soluiion of calcium nifrafe, and ihen dried through vaporizaiion. whereby Oa was still additionally loaded on 
the support. The ioading amounts of the additional metate were 0.2 g of Fe, 0.2 g of Ce, 1 g d K and O.i g of Ca per 
liter of the suf:ps-t. 

Next, in the san^ manner as in Example 1, catalyst peltets of Example 27 were prepai ed herein, and the activity 
thereof was eraluated. Vtiq resutts obtained are shovjn in Table 2. 

Coftpafative Example i : 

A Ti oxide support was prepared in the same manner as in Exarrpie 1 , except that onfy titanium tetrachloride 
(TiCU) was used. Using this Ti oxtde support, catalysts peilets of Comparative Exatipie 1 were pjepared in the same 
36 manner as in Exampie 1 , and the activity thereof was evaluated. The resufts obtained are shown in Table 2. 

ConpaM'M.SMnpJ.8..2i 

A Ti oxide support was pi'epared iri the same manner as in Exarrpte t . except itiat on!y titanium tetrachloride 
SiJ (TiCI^) was used. Pt was loaded on this Ti oxide suf^ort in the same manner as in Example 1 , except that the loading 
amount of Pt was 8 g per liter of the support. Using the thus Pt-loading 11 oxide support prepared herein, caiatysts pel- 
lets of Comparafive Example 2 wee prepared in the same manner as in Example 1 , and the activity thereof was eval- 
uated The results obtained are shoivn irj TsUde 2. 

ss Qa[tpg.f.aijve..£xara?.ie.5: 

A Zr oxide support was prepared in the same manrrer as in Example l , except that only zitconium oxychloride 
(ZrCI;.>0 ' 8f-f jO} was used. Using this Zr owds supposl, catalysts peitefs of Conparative Exanpis 3 were prepared in 
the same manner as in Example i , and the activity thereof was e>.«luated. The results obtained are shown in Table 2. 

4.5 

ConpaMiM.EMnS'J.e..4.' 

A Zr oxide support was pi spared in the same mannei as in Example 1, e«ept that only zirconium oxychloride 
(ZrOlgO ' SHjO) was used. R was ioadetf on this Zr oxide supjxirl in the same manner as in Exanple 1 , except lhat the 
4S loading amount of Pf was 8 g per iitsr of the support. tJsing tfie thus Pt-loading Zr oxide support piepared hsrem, cat- 
aiysts peiiets of Compai-at3X''e Exanple 4 were prepared in the same manner as in Example 1 , and the activity thaeof 
was evfaiuated. The resuiis obtained are shown m Table 2. 
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Coflipat ing the cataiysts of the 9>;amplss of &te invention with Siose of fhe comparative examples having the same 
loading amouni of the noble metal, as in Table 2, it is kncwo that the fomier e>chibited !he higher NO,, converaort tatio 
than the iatter. Rom this, it is underetood that tlie conposite oxide supports in the former brought about tlie increase Sn 
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ttjs NOj corwersicn ratio it is also understood ftom tie tfeSiults in Tabie ?. that the catalysts of the s;xamples of the Iman- 
ban tttat ioad the aciditionai litst atxi second catafyst mnpjnents, or; tite suf^ort rissuifed in ttie decrease in the SO^ 
cowersion ratio. 

Corrpsring thft cstaiyst of Exampis 24 with ihst of Exanple 25, it is known tliaJ the latter cotiprislng both arid 
5 Ce resuHeci in a greater decrease in the SO? conversion ratio, while the both resulted in almost the same coni/er- 
sion ratio. From this, ii is understood that the activity of the noWe rrreial in the tatter, the catalyst of Example 25 was rnore 
improved than thai in the former. CosTparing the catafyst of Example 25 and that of Example 28, it is obvious that the 
adciiffon of tf'ie sjecorid catalyst corn}X>nent coiTipri&iny K arsci Ca rasifltKl in further ifvptovesnent in ttie ability of the cat- 
alyst to inhibit the forn->afion of sulfites or sulfates. 

E>»anple 28 : 

A catalyst 2 conprising the catalyst peilets of Exampie 1 was connected to a 2400 cc-diesel engine 1 i/ia an 
exhaust p^e, as in Fig. 1 , which was driven at SV of 50,000 hr' ^ and at a catalyst bed temperature of ft om 1 50 to 450"C, 
)S while applying gas oil to the upstream side of the catalyst bed in an amoun} of 2000 ppmC in terms of the carbon con- 
centjation thereof. Tfie HOy_ conversior-i ratio in the exhaust gas emitted from the engine was obtained. The i-naxinujm 
NOj, conversion ratio in the exhaust gas emitted and the SO-^ conversion ratio in the iniet gas of 250'"C were obtained. 
The results c^tained are stiown in Tabie 3. 

20 Exanyle 29 : 

The catalyst pellets of Exanple 4 were used herein, it^ ffie same manner as in Example 38, the maximum NO^ con- 
version ratio in the exhaust gas emitted and the SO? conversion ratio in the inlet gas of 250°C xvere obtained. The 
resutts obtained are shown in Table 3. 

ComfMrattve Examples 5 to 10 

Catalyst pellets of Cotnparativs Examples 5 to 1 0 were prepared in tfie same manner as in Example 1 , except ffiat 
ttie si^ports as ^lown in Tabie 3 were used herein. Using any of these cataiysi peileis prepared herein and in the same 
so manner as in Example 28. the maximum NO^ corwersion ratio in the exhaust gas emitted and the SO2 conversion ratio 
in ttie inlet gas of SSO^C were obtained. The results obiained are shown in Tabie 3. 



Table 3 





Si^ort 


ivSaximum f*iOx Conver- 
sion Ratio [%] 


SOg Conversion Ra6o 
[%} 


Exanple 2S 


Pt-TiOj • ZrO, 


53 


15 


Example 29 


Pf Fe-K-TtOi. • ZrO^ 


47 


8 


Gompamiive Exanple 5 


Pt-AlgOs 


23 


30 


Comparative Example 5 


Pt-Mordenite 


42 


39 


Comparative Exanple 7 


Pt-Zeolite-p 


33 


30 


Comparative Exaniple 8 


Pt-Y-type Zeolite 


45 


42 


Comparative Example 9 


H- ISiOa^.'MaOs} 


29 


26 


Conparatix'^ E<anp!s 10 


Pt-SiOa 


IS 


15 



Evaluation ' 

ss From TaWe 3 abo\'e, it is obvious that the use of the exhaust gas purifying caf aiyst of frte present invention that com- 
prises a conposite oxide support results in the fr>a ease in the NO;, conversion ratio m exhaust gas arxt in the inprove- 
ment in »ie ability of »te catalyst to inhSiit the formation of sulfites or sulfates in exhaust gas ei/en when gas oil is applied 
to the exhaust gas to be treated with the catalyst. 

As has been described in detail hereinabove, using the exhaust gas purifying catalyst as claimed in claim i and the 
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exhaust gas purffyino method as claimecj in d&lm 8 tnakes it posabfs to efficieritiy lemove NO^ from exhaust gas !n 
adcftiion. in ths cafaJyst ot the iriwetttion. the support is prevtrtteci froin txsng poisoned wittt sutfur Mofewei. using ttie 
exhaust gas purifying catalyst as claimed in daim 2 and according to the exhaust gas purifyifig method as daimed in 
oiaiin 9, the NO^ conversion ratio in eichaust gas is increased and the formation of sulfites or sulfates in the exhatjst gas 
s processed is effectively prafsntsd. 

Claims 

1. An extaust gas purifying cat^yst for removtrig at least nitrogen oxides from oxygen-ricfi exhaust gas which coo- 
10 tains oxygen not iess than the anrount of oxygen necessary for oxidizing the corriponents to be oxidized in tie 

exhaust gas, the catafyst comprising; 

a composite oxide support that cotDprises at least two eiements selected from titarjium (Ti). zirconium (Zr| and 
silicon (Si), and 

is a miiB rt^stal toaded on said composite oxide support, 

2. The exhatist gas purifying cataiyst as daimed in claim 1 . wherein said composite oxide support further loads an 
additioiial first catalyst component o1 at ieast one selected fiom the group consisting of iron (Fe), manganese (Mn), 
ceriurTi {Ca) and n(oi>ium (Nb). and an addttional second cataiyst corTiponenf of at least one se!ecte<f from Sie 

so group consistirig of alkali metals and altolme earth metals. 

3. The exhaust gas purifying cataiyst as cfsimed in cfaim 2, whaein said first catalyst component comprises iroti (Fe) 
and cerium {Cb). 

36 4. The exhaust gas purifying cataiyst as cfaimed in claim 2 or S, whes ein the alkafi metals for said second catalyst 
comjjonenl i)x:lude titiium ^Li), socfium (NaJ. potassium (K), rubtciium (Ri^), cesium (Cs) and francium (Fr), arKi fhe 
aikaiine earth metais for the same include calcium (Ca), strontium {Sr) and barium (Ba) 

5, The exhaust gas puiifying catalyst as ctaimed in ciaim 4, whei'ein ssid second cafelyst conponent cortprises 
3(5 potassium {K) and caldum (Ca). 

6. The exhaust gas purifying catalyst as claimed in daim 1 or 2, wherein said composite oxide support comprises tita- 
nium (Ti) and zirconium (Zr) at a moiar ratio of zirconium (Zr) to titanium {Ti), Zr.'Ti, of from 0.2/-! to 5/1 . 

S5 7. The exhaust gas purifying cataiyst as claimed in ciaim t or 2, wherein said composite oxide support comprises tita- 
nium (Tt), 2iroontum (Zr) and silicon (Si) at a rnolar ratio of zirconium (Zr) to titanium (Ti). Ml], of from 1/1 to 4fi 
and at a molar ratio of siiicon (Si) to titanium (Ti). Si/Ti, of from 0. 1/1 to 1/1 . 

8. An exhaust gas purifying method for ternoving at least rritrogen oxides ftorn oxygen-rich exhaust gas which con- 
40 tains oxygen not fess than the amount of oxygen necessary for oxidising the con^nents to be oxidized in 8ie 

exhaust gas. the method conprising the steps of; 

adding gas oil as a reducing agent to said exhaust gas. and 

i^ringtng an exhaust gas fxirilying caialyst inio contact with said exiiaust gas, said exhaust gas purifying cala- 
4S lysf conprising a composite oxide sufportthat conpnses at least two dements seiecfed from titanium (Ti). zir- 

conium {Zi) and siiicon (Si), and a nobis metai loaded on said conposite oxide st^port, thereby removing 
nitrogen oxides from said ext^ust gas, 

9. The exhaust gas purifying method as ciaimed m claim s, whetein said cotnpostte oxide support iurthet loads an 
so additional first catalyst component of at ieast one selected from the group consisting of iron (Fe), manganese (Mn), 

cerium (Ce) and niobium (Nb). and an additionai second cataiyst conponent of at least one seieded from the 
group consisaing of alkali metals and aiialine earth metals. 

10. The exhaust gas pur^^/^ng metfwd as ciaimed in ciaim 9, wherein said first catalyst component of the cataiyst com- 
55 prises iron {Fe) and cerium (Ce). 

1 1 . The exhaust gas purifying method as claimed in ciaim S or 10. wherein the alkali metais for said second catalyst 
component of the catalyst include lithium (Li), sodium (Naj, potassium (K), rtijidium (Rb), cesiutii (Cs) and fran- 
cfum (Fr), and the aikaiine earth metals for the same include calcium (Ca), strontium (Sr) and tjarium (Ba). 
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1 2. The exhaust gas ptififying metsod as clairnsci iri claim 1 1 , wherein saicf second cataiyst conponent of the catalyst 
cattiprisss potassium {K) ard caldiiEn (Ga). 

1 3. The exhaust gas purifyirbg nietiiod ss claimed in claim 9, whereih propylene is used as the reducing agent In piece 
5 of gas oil. 

14. The exfiaost gas purifying method as claimed in daim S or 9. wherem said conposife ox.ide suppot) comprises fiia- 
nitjrn (Ti) and zitconiurr) (Zr) at a tmiar tatio of ziiconiurri (Zt) to tftaniuni <Ti). Zf/Ti, of ff cwn O.S/l to 5/1 . 

10 1 5. The exhaust gas pur ify ing melhoci as claimed in ciaim 8 O! S, wherein said cotnposite oxide support conprises tita- 
nium (Ti), zirconium (Zr) and silicon (Si) at a molar ratio of zirconium (Zr) to titanium (Ti), Zr.'Tt, of from 1/1 to 4/1 
and at a moiar ratio of siitcon (Si) to titanium (Ti), Si/Ti, of from 0. 1/1 to 1/1 . 
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Fig. 1 



Exhaust Plow 




~ To Exhaust Gas Analyser 
- To Exhaust Gas Analyzer 
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